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date the adage that appearance is more
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Using new rapid, super-resolution imaging methods, Ritter et al. (2015) define the early events of immuno-
logical synapse formation and granule release.A hallmark of the adaptive immune
response is T cell interaction with anti-
gen-presenting cells (APCs). An important
concept established over the last 10 years
is the discovery that during the process
of antigen recognition, membrane and
intracellular proteins become rearranged
in the contact area. This rearrangement
of molecules is now known as the immu-
nological synapse.
Applying fluorescence microscopy to
study the process of T cell activation was
the critical tool that allowed the synapse
to be discovered. Investigators deter-
mined the position ofmolecules in the syn-
apse by using antibodies to stain fixed T-
cell-APC conjugates or by imaging the
movement of fluorescent molecules
embedded in freely mobile lipid bilayers
(Bromley et al., 2001). However, these
types of approaches were limited by the
quality and diversity of available anti-
bodies and the availability of fluorescently
labeled purified membrane proteins
required for bilayer studies. The applica-tion of GFP and its derivatives enabled
molecules of interest to be directly labeled
and imaged in live cells. Later, the use of
total internal reflection fluorescence
(TIRF) microscopy, which excites a thin
100- to 200-nm layer of molecules in the
plasma membrane, markedly improved
the resolutionandallowed for single-mole-
cule tracking. However, the small size of
the synapse (between 8 and 10 mm in
diameter) and the 200- to 300-nm resolu-
tion of light microscopy still continue to
limit what can be seen. Fortunately, new
methods applied to imaging the synapse
continue to shed new light on the cell
biology of the immunological synapse.
In this issue, Ritter et al. (2015) used
a variety of cutting-edge methods,
including spinning-disk confocal micro-
scopy and lattice light-sheet microscopy,
to get an unparalleled look into the events
that underpin synapse formation and
granule secretion.
Conventional confocal microscopy
uses a laser to illuminate a single pointon the sample and rasters across to
generate the image. Because it takes sec-
onds to generate each optical section,
events that occur in the millisecond range
cannot be visualized via conventional
confocal microscopy. In addition, while
the image is being assembled point by
point, the laser strikes the complete thick-
ness of the specimen repeatedly but only
detects a single focal plane, leading to cell
toxicity and bleaching of the fluorophore.
Thus, the ‘‘efficiency’’ of excitation to
emission detection is quite low. However,
in spinning-disk confocal microscopy, the
excitation light is split through a disk with
multiple pinholes, allowing for several
points on the sample to be imaged at
the same time. This allows for high-speed
confocal imaging and reduced toxicity
because of decreased repeated illumina-
tion. In both methods, moving the focal
plane up and down allows a 3D image to
be obtained but also significantly in-
creases the amount of time required for
generating an image.42, May 19, 2015 ª2015 Elsevier Inc. 781
Figure 1. Coordinated Steps in Synapse Formation and Cytolytic Granule Release
The motile lymphocyte is polarized with the uropod-MTOC in the rear and an actin-rich lamellipodial leading edge. It uses the actin-rich leading edge to make
contact with the target cell or APC.Within 1min after contact with the target, the cSMAC forms, and this is correlated with actin clearing, granulemovement to the
centrosome, and centrosome movement to the synapse. Within 2–5 min, the centrosome and associated granules are in a position between the nucleus and the
target cell. Granule release occurs with movement of the centrosome to the plasma membrane.
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PreviewsA faster method of generating optically
sectioned images is light-sheet micro-
scopy. In this method, a thin sheet of light
produced by a cylindrical lens excites
a single plane in the sample, and the
emission for the whole plane is collected
with a CCD camera that is orthogonal to
the excitation light. Because the image is
not assembled as points, imaging is fast,
and there is a 1:1 correlation between illu-
mination and detection of fluorescence,
thus decreasing phototoxicity. The catch
is that traditional light-sheet microscopy
is not able to achieve high-resolution im-
ages because the light sheets are still
relatively thick and thus result in excitation
of molecules outside the plane of focus.
These issues were elegantly solved by
Betzig and co-workers, who combined
the use of ‘‘nondiffracting’’ Bessel beams
with a spatial light modulator to generate
a lattice of excitation light that is ultrathin
and spread over many foci, thus reducing
phototoxicity (Chen et al., 2014). In
structured illumination microscopy (SIM)
mode, the lattice is moved within the
plane, and repeated images are taken.
On the basis of the generated interference
patterns, the image can be deconvoluted,
and molecules can be resolved beyond
250 nm, breaking the diffraction barrier
of light.
Ritter et al. (2015) have now used these
two methods to image, in real time,
the cytoskeletal changes occurring in the
immunological synapse, as well as in the
entire T cell. This enabled them to specif-
ically map the sequence of events that
occur during the formation of the syn-
apse, allowing them to correlate many
different pieces of the puzzle. The ability
to combine high-speed, high-resolution
imaging across the entire cell allowed
them to follow many different compo-
nents of the synapse and then integrate782 Immunity 42, May 19, 2015 ª2015 Elsevithem into a more complete model. This
also enabled them to resolve several
disparate results from the literature. We
now have a more complete picture of
the events that create the synapse.
The formation of the mature immuno-
logical synapse consists of the c-SMAC
(acentral regionwhere signaling receptors
such as the T cell receptor [TCR]
are clustered), the p-SMAC (an adjacent
ring enriched with integrins), and the
d-SMAC (a region beyond) (Bromley
et al., 2001). Using a fluorescent probe
for actin and spinning-disk microscopy,
Ritter et al. visualized the actin network
positioned initially across the entire
contact surface and then watched its
depletion from the center of the synapse.
Previously, both actin depletion and actin
enrichment at the synapse had been
described (Brown et al., 2011; Rak et al.,
2011; Martı´nez-Martı´n et al., 2011). Using
lattice light-sheet microscopy, which can
image 15 times faster than spinning-disk
microscopy and has 3-fold better resolu-
tion, the authors obtained an even more
detailed picture of the sequenceof events.
This showed that lamellipodial membrane
protrusions, which are highly enriched
with actin, form the initial contact with
the target cell, and within 1 min, as the
flatter synapse starts to form, actin deple-
tion is initiated in the contact area. All of
these events are associated with a rear-
ward flow of actin filaments, suggesting
that the depletion of actin in the center of
the synapse is associated with rapid
growth of actin filaments at the periphery
of the contact area (Yu et al., 2010).
The polarization of the T cell and the
formation of the synapse are also critical
for cytolytic granule release. It is well es-
tablished that the centrosome (microtu-
bule-organizing center [MTOC]) moves
from a position at the opposite of theer Inc.cell, in the uropod, toward the synapse.
Given that microtubule motors that drive
cargo away from the centrosome are not
required for cytolytic granule secretion
(Stinchcombe et al., 2006), the centro-
some most likely touches the synaptic
membrane, allowing motors that drive
toward the centrosome to deliver cytolytic
granules to the contact surface. Using
both SIM microscopy and TIRF micro-
scopy, Ritter et al. have now clearly
shown that polarization occurs first
through recruitment of granules to the
centrosome and second by movement
of the granule and centrosome complex
to the plasma membrane. Their experi-
ments show that actin depletion at
the synapse occurs before centrosome
recruitment to allow it to dock at the
plasma membrane (Figure 1).
Imaging how the c-SMAC forms in rela-
tionship to the cytoskeletal changes now
enables the formulation of a model for
T cell polarization. TCRs are initially later-
ally recruited to the contact surface
but are later recruited from intracellular
vesicles. The formation of the c-SMAC is
associated with the loss of the actin-
regulatory lipid PIP2, potentially explain-
ing why c-SMAC formation is associated
with actin depletion. Previous studies
showing that local production of PIP3
occurs in the synapse can explain the
loss of PIP2 via its conversion to PIP3
(Costello et al., 2002; Harriague and Bis-
muth, 2002). Not explored in this study is
the potential relocalization and activation
of various Rho-family GTPases, which
are critical for the regulation of the actin
cytoskeleton. Nonetheless, this supports
the idea that active signaling by the
TCRs occurs in the synapse.
Like the drunk who is looking for his
keys under the street lamp because that
is the only place with light, our ability to
Immunity
Previewsask questions is limited to the tools that
are available to us. The development
and application of new imaging methods
with higher speed and greater resolution
will lead us to new information and novel
insights.REFERENCES
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Fas is a cell surface death receptor critical for immune regulation. In this issue of Immunity, Butt et al. (2015)
show that Fas eliminates B cells that have become uncoupled from positive and negative selection in the
germinal center.As a death receptor that can trigger
apoptosis of activated lymphocytes, Fas
plays an important role in curtailing im-
mune responses. Strikingly, mutations in
Fas, its ligand, ormajor downstream com-
ponents can lead to an autoimmune lym-
phoproliferative syndrome (ALPS) in both
mice and humans. Germinal center (GC)
B cells express high amounts of Fas and
conditional deletion of Fas in GC and
other activated B cells recapitulated
many features of ALPS (Hao et al.,
2008), suggesting that the GC is a major
site of Fas-mediated regulation. However,
the mechanism by which Fas regulates
GC B cell homeostasis has remained
enigmatic for nearly two decades. In this
issue, Butt et al. (2015) provide new in-
sights into this longstanding question.
In this study, the role of Fas in the B cell
response was probed in an elegant, well-
characterized model previously estab-
lished in the Brink laboratory. This model
is based on a now-classical system in
which B cells express a B cell receptor
(BCR) specific for hen egg lysozyme(HEL). Brink’s laboratory previously
generated a knock-in mouse (so-called
‘‘switch’’ HEL or SWHEL) in which B cells
can undergo the normal processes of
somatic hypermutation (SHM) and class
switch recombination. Although this
BCR has very high affinity for HEL, the
authors used mutated HEL with amino
acid substitutions resulting in moderate
affinity (HEL3X) or negligible affinity
(HEL4X), which were introduced as a
foreign or self antigen, respectively. In
GC B cells, specific BCR somatic muta-
tions were identified that increased affin-
ity for the foreign antigen (HEL3X) or
decreased affinity for the self antigen
(HEL4X). This system enables the authors
to probe GC selection mechanisms that
enhance affinity and those that prevent
self-reactivity.
The early response of SWHEL B cells
was generally unaffected by Fas defi-
ciency, because Fas was not essential
for affinity maturation and the elimination
of autoreactive B cells in the early GC,
similar to several prior studies. Curiously,however, over time the authors observed
the unusual emergence of large numbers
of plasma cells (PCs) derived from Fas-
deficient SWHEL B cells. Most of these
PCs had acquired additional mutations
that decreased antibody affinity for the
foreign antigen HEL3X, and some cells
had mutations that increased affinity for
the autoantigen HEL4X. The authors pro-
vided evidence suggesting that these
Fas-deficient PCs arose from GCs late in
the response. For example, disruption of
T cell help by blockade of CD40 ligand
(CD40L), which is necessary for the
ongoing maintenance of GCs, prevented
the accumulation of Fas-deficient PCs.
In addition, a thorough analysis of the
BCR somatic mutation patterns revealed
that the aberrant PCs were clonally
related to rare B cells in GCs. Based on
these findings, the authors proposed
that Fas deficiency leads to the emer-
gence of ‘‘rogue’’ GC B cells that escape
normal antigen-mediated positive and
negative selection and readily differen-
tiate into PCs (Figure 1).42, May 19, 2015 ª2015 Elsevier Inc. 783
